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(57) Abstract 

An expandable, intraluminal stent (10) is provided which can be inserted into a body passage. :»nd is enable of ^ 
vascular graft (25,. The stem is a thin-walled. generally tubular member hav.ng a plurahty of ng.djuppon ubs (15, spaced ^rm\y 
a^hr jenme cr of the two ends cf the stent A plurality of spacer bars ( 17, span longitudinally b^^een the ngid support one 
end 3 £ A correspond^ ngid support tabs at the other end. The ^J™™ ^ 

or contraction of the stent so that the length of the stent ,s mainlined. Plast.ca ly defom.able ™™<"« 1 > ™£^J£ with 
ngid suppon tabs around each end of the stent to enable the stent to be expanded to an enlarged d ' a ™*^ 

a delivcrrsystem (43-49) which applies a radially, outwardly extending force from ihe extenoi of the st-nt. Atem.t.velv. the stent cm t» 
expanded using an angioplasty balloon. 
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Plaid of tha Invention 

The present invention relates to an 
expandable, intraluminal stsnt and an apparatus and a 
method for deploying tha expandable, intraluminal 

10 stent in a body passage. Mora particularly, tha 

present invention relates to a type of intraluminal 
stent capable of supporting an intact, intraluminal, 
venous graft providing an inner stent lining having an 
endothelial layer and an apparatus and method for 

15 deploying and mechanically expanding the vein-lined 

stent within a body passage through the application of 
an outward force on the external surface of the stent. 

Background of the Invention 

As an alternative to vascular surgery, 
20 balloon angioplasty has been a common method for 
unblocking narrowed or occluded blood vessels. In 
this procedure, an angioplasty balloon is inflated 
within a stenosed vessel in order to dilate the vessel 
to provide an enlarged lumen. Although balloon 
25 angioplasty has been successful in restoring flow in 
stenotic or occluded vessels, these vessels often 
restenose due to elastic recoil of the diseased 
tissue. Subintimal dissection is also caused by 
balloon induced stresses and results in geometric 
30 irregularities at the inner wall leading to flow 
disturbances and decreased flow. 
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ConU q»«.tly, intraluminal .tanting h.. b.en 
u..d with incr...ing fr.qu.ncy to i»prov. th. .uccss 
r.t. of tr.n.lu.in.1 balloon angiopla.ty. 
tubular .t«t. ar. introducd via cth.t.r, -xpandad 
to a pr...t dia».t.r and l.ft in situ to r..ist 
.!..tic racoil and to hold di...ction. against th. 
v—l wall. Th«. ar. ...«tially thr.. typ.. of 
conv.ntion.1 .t.nt. .11 of which ar. 
thr.. typ.. ar. balloon .xpandabl., ..lf-~pandabl., 
^ -t.1. (i..-, nitinol). Th. balloon- 

•xp.nd.bl. .tant. d.for. pl..tically bayond th. 
Taatic lilt of th. -frial and ar. "lativ.ly rigid 
.t thair .xpandad dia»t.r. Th. balloon .xpandabl. 
.t^. arHolt* ov.r a d.f l.fd angiopla.ty balloon 
anHh-n po.ition- within a V....1. Th. balloon i. 

inflated transmitting outward radial fore 
"ro. tubular .t.nt that pla.tically d.for»s into 
l fin.1 larg~ di«t«r .,.in-t th. V....1 wall- Th. 
Walloon i. Ln MUt* and r«ov.d fro. th. v«»l 
^ « -xpandabl. .t.nf r.ly on th. pot.nti.1 ^.rgy 
stor.d in a raducd dia..t«r to .pring bacX to « 
n.v, larg.r dia~fr wh.n r.l~..d. ^[^^ 
.t.nt. fnd to b. »or. co^liant than balloon- 
.xp.nd.bl. .fnf. 8.1f-.xp.ndabl. -t«t. ar. 
^pr. SM d into a —11« *• * J""* - 
TZ a ah-ath. Th. —th 1. th« in~rtad into. 
V-..1 and r«ov- at th. d..ir.d location to «po.. 
th. .t«t. Th. compr.—d .t«it spring, opan again.t 
th. V....1 wall parting « con.t.nt outward fore. 
th~.by fixing th. .t«»t in plac H-ory ..tal or 
nitinol a..— • .nlargad "a-*" from 

.n initial r-uc* dia-tar in th. »r..«c. of 
tnp^atur. Chang-. Hltlnol .fnt., along with 
r ^lbl. Poly-ric *«*., ar. not a. «™J~ " 
5 balloon- and ..If-xpandabl. .t*nt.. M«ory ».tal 
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stents respond to temperature changes by changing from 
a reduced diameter to a final expanded configuration 
at the stenotic site. 

Although patency rates have improved when 
stenting is used in conjunction with balloon 
angioplasty, thrombosis and neointimal hyperplasia 
within the region of the stent continue to compromise 
the potential utility of these devices. Stent surface 
thrombogenicity and processes regulating neointimal 
hyperplasia are considered to be major contributors to 
the long-term problems associated with conventional 
stenting. 

Ultimately, endothelialisation of the stent 
surface properly represents the best chance for 
successful use of a stent since the endothelial layer 
has the potential to inhibit low-flow thrombosis and 
to moderate factors involved in maintaining luminal 
patency. The course of events leading to 
endothelialisation of any metallic stent surface 
begins with thrombus formation at the stent surface. 
The thrombogenicity of the stent surface is dependent 
on surface characteristics such as the electronegative 
potential of the metal and surface roughness . 
Thrombus that initially forms is eventually replaced 
by f ihromuscular tissue, fibrocytes and collagen. 
Bndothelialisation is allowed to proceed across the 
newly formed tissue from the endothelial cells exposed 
between the stent latticework and from the ends of the 
stent. The extent to which endothelialisation occurs 
depends upon the number of cells to survive the trauma 
of stent deployment as well as the flow conditions set 
up by the introduction of the stent. Minimisation of 
mechanically induced trauma to the endothelial lining 

3 
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of tha vui«l cartainly bacow. d..irabla. 
Accordingly, a atant d..ign slaving . low ratio of 
..tal aurfac ar.. to op«i .urf.c. ar.a tharafor. 
bacoM. daairabla to raduca thro«bog.nicity whila 
«axi.i»ing tha potential for .ndothelialixation. 

Another factor to ba conaidarad is that 
blood flow i. altarad by tha praaanc. of a at«t. 
Trough, craatad .long tha atantad aag-nt of tha 
v.aa.1 erat. turbulanca, boundary layar aaparation, 
and ragiona of potantially low flow and low ahaar. 
; h ..nL. of flow condition, hav. baan 
a ..chania. for atharoganaai.. Accordingly, « .tant 
having an opan atructural daaign appaars to ba 
daairabla. 

Naxt, *ost convantional atant. undargo 
longitudinal ahortaning with an incra... in dia^tar. 
in tha praaanc. of art«ri.l ~ooth «u.cl. 
contr.ction/ralaxation and pulaatil. flow, langth 
changa. UK.ly accompany dia«afr change. 
Endothaliu. »y b. -loughad a. a raault and an 
additional inflatory raaction «y w »u. to 
ralativ. .otion at tha atant-ti..u. «- 
for.ahort.nin, of conation.! atant. within tha 
t«,.t location .Uo craat*. probl— in 
, accuracy and potantiat~ further da-,, to tha wall of 
tha vain at tha Wt location. Accordingly, 
raducing or ali.in.tin, longitudinal ^ort^nin, of tha 
.tant during a*pan.ion alao bacc. a d..irabl. goal. 

It i. wall known that tha andothalial layar, 
0- for-d by th. call, lining tha inn« wall of , i va-a.!, 
i. . dynamic layar that i. abla to produca, .acrata. 
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and Modulate factors involved in maintaining patency 
of tha vassal lumen. Thasa andothalial propartias are 
thought to ba tha raason vanous conduits hava 
significantly higher patancy ratas than synthatic 
5 grafts whan usad in artarial reconstructions. 

Combining tha propartias of endothelium and stents 
would therefore ba desirable to create a batter 
endoprosthesis. Specif ically, a stent lined with an 
endothelial layer would be less thrombogenlc. 

10 Additionally, the vessel wall, which is likely to be 
injured by the angioplasty, would be largely shielded 
from blood-borne components such as platelets which 
are known to be potent instigators of naointimal 
hyperplasia. Lastly, the stent itself would still 

15 retain its ability to counteract the elastic recoil of 
the vessel wall following angioplasty. 

Accordingly, it would be highly desirable to 
have a stent that reduces surface contact with the 
vessel wall, that inhibits longitudinal shortening 
20 during expansion and that supports a venous lining to 
provide an inner endothelial layer. 

gi"™»T-v °* * h « Invention 

In accordance with the present invention, an 
expandable, intraluminal stent is provided for 

25 deployment in a body passage, such as a blood vessel, 
to inhibit vessel stenosis. The stent in accordance 
with the present invention is easy to dsploy, is made 
of metal so that it can be imaged during deployment, 
demonstrates a high expansion ratio, counteracts 

30 elastic recoil of the vascular wall, and has a non- 
thrombogenic surface. Furthermore, because of its 
unique configuration, tha stent does not shorten 

5 
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following «cpan.ion. Th. .t«t al.o ***** v.in 
graft, or oth.r bioccmpatibl. »t«ri.l. or .urfac.. to 
b. .ountod within it. lawn without compromise of 
a„doth.lial infgrity or cr-tion of v.in graft 

redundancy. 

A *t«.t dalivry «y.t«» and m.thod ar. al.o 
providad in aocord.no. with th. pr..«t invntion f or 
introducing and daploying th. -t.nt within a ..l.cfd 
body pa..ag. .uch a. • conatricfd, di..a..d or 
injur.d vascular .if. C«wr.lly. th. sfnt i. 
d.ploy.d by a rn.ch.ni.rn that .«rf an outward fore, 
on th. .xt.rn.l .urf ac. of th. .fnt to «cpand th. 
.fnt to an .nlarg.d diawfr, th.r.by Laving it. 
luminal anvironmant undi.turb.d. 

Th. «fnt i. a gwarally thin-wall.d, m..h- 
lita, tubular .tructur. having a cntral lum«i. Th. 
«t«t includ.. a plurality of rigid .upport fb., in 
th. for. of «d .upporf, which ar. po.ition.d in an 
.nnular arrange to for. a ring at ..ch .nd of th. 
.fnt. Th. rigid .upport tab. ar. unifor»ly .pac*d 
around th. p.riph.ry of ..ch .nd of th. »fnt. A. a 
r-ult. th. rigid .nd .upport. ar. di.po..d in th. 
r..p.ctiv ring .o that -ch .nd .upport i. position.* 
diamatrically oppo-d to anothar on. of th. .nd 
.upporf in th. ring. Th. rigid .upport tab. at on. 
•nd of th. .fnt .r. di.po.«l gwarally oppo.it. 
oorr-pondin, rigid .upport tab. .t th. oth« .nd of 
th. .fnt. A plur.lity of .p.cr bar., in th. for. of 
rigid .truf, ar. u«d to coiu-ct th. rigid ™^ 
, tab. at th. on. «nd of th. mum* to th. oppo.it. rigid 
.upport tab. at th. othar .nd of th. «fnt. Th. 
.pacar bar. .pan longitudinally batvaan th. 
tab. and .«v. a. .truf to maintain th. length of th. 
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stsnt. A plurality of plastically deformable 
conn acting links ara usad to intarconnact adjacant 
support tabs along tha circumf aranca of aach and of 
tha st ant, so that tha stant is axpandabla to an 
5 enlarged diameter through plastic deformation of tha 
connecting links which tharaby sarva to maintain the 
stant in its axpandad configuration. 

A further feature of the present invention 
is that an endothelial layer provided by a vein 
10 segment can be attached to the stent prior to 

deployment of the stent* The vein segment can be 
positioned within the central lumen of the stent and 
then attached to the stent using sutures. 

The stent delivery apparatus comprises a 
15 drive unit and a catheter having a stent deployment 

mechanism. The stent deployment mechanism is disposed 
at the distal end of the stsnt delivery apparatus and 
is designed to expand the stent by applying a 
radially, outwardly extending force from the exterior 
20 of the stent. The stent deployment mechanism is 

oparably connected to the drive unit so that operation 
of the drive unit controls operation of the stent 
deployment mechanism. 

The stent deployment mechanism comprises a 
25 uniform bundle of spokes attached to the distal end of 
a control cable that interconnects the deployment 
mechanism with the drive unit. Free ends of the 
spokes are passed through corresponding coupling tubes 
attached to the exterior of the stent for releasably 
30 coupling the spokes to the stsnt. The free ends of 

the spokes ara then loosely held in place by a conical 
tip which is attached to the distal and of a central 

. 7 
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^id.wir. fro. th. control ~ ■» " 

Hci.l with an o«t«r f l.xibl. tub. and i. fr..ly 
^1. within th. flaxibl. tub.. Th. guid^ir. 
!Lnd. fro- th. fl-xibl. tub. and p..— through th. 
, ^of th. *a»t .ion, a c^trai axi. of th. bundl. 
of .pok... Hov—nt of th. guid.vir. into th. 
/jTl. tub. cau... th. .po... to flax outwardly 
£«.by «crting an outward .xt.m.1 fore, on th. 

causing th. .t.nt to dilaf. Sub.equent 
.fnt ^ tub. cau... th. 

10 mov»*.nt of th. guid.wxr. out w , , 

f r.. .nd. of th. .poK.. to .pring fr.. of th. conical 
tip. Withdrawal of th. .t.nt d.ploy~nt 
aw .y fro. th. .xpand-d .t«t than cau... th. ft~4 
.pox., to di..ng.g. fro. th. coupling tub., of th. 
15 stent. 

h Hit inn nf thr 

Th. for.going «u»ary, a. w.ll a. th. 
following d.fil.d d..cription of th. P«<~^ 
^.odi^nt. of th. pr««t inv»tion. will b. b.tt«r 
a0 undar.tood wh.n r..d in conjunction with th. 
accompanying drawing., in which: 

- Fig. i i« •» "W" PW** 1 ™ vi * W °* " 
.xpandabl. intralu.in.1 .tant in accordanc. with th. 

invntion and a d.livry apparatu. also in 
„ .ccor<U»c. with th. pr..«t invntion for in^in, 
th. .t«t into th. lu-n of . body pa..ag. and for 
expanding th. at«nt; 

Fig. 2 i« .nlarg.d, «A«atic and 
.l.vation.1 vi.v of th. .t.nt in it. un.xpanded 

30 configuration; 



8 
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Pig. 3 is an enlarged, schematic side 
elevational view of the stent in its unexpended 
configuration; 

Pig. 4a is an enlarged side elevational view 
5 of the stent and a tool having a vein segment thereon, 
depicting a method for attaching the vein segment to 
the stent, using tissue adhesive, just prior to 
insertion of the vein segment within the lumen of the 
stent; 

10 Pig. 4b is an enlarged side elevational view 

of the stent and a tool having a vein segment thereon, 
depicting a method for inserting the vein segment into 
the lumen of the stent and for attaching the vein 
segment to the stsnt using tissue adhesive, just prior 

15 to inflation of the vein ssgment within the stent; 

Pig. 4c is an enlarged aids elevational view 
of the stent with the vein segment inssrted within the 
lumen of the stent, depicting a method for attaching a 
vein segment to the stent using tissue adhesive, 
20 following curing of the tissue adhesive; 

Pig. 5 is an enlarged cross sectional view 
of the stent showing a vein segment attached to the 
stent with sutures; 

Pig. 6 is an enlarged side elevational view 
25 of the stent deployment mechanism, with several wire 
spokes removed, located at the distal end of the 
delivery apparatus used to deploy the stent in the 
body passage; 
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Pig. 7 ia an enlarged end elevational view 
of the stent deployment mechanism located at the 
distal and of tha dalivary apparatus uaad to deploy 
the atent In the body passage; 

5 pig. 8 is an enlarged plan view of the drive 

unit located at the proximal end of the delivery 
apparatus used to deploy the stent in the body 
passage; 

Pig. 9a is an enlarged, schematic cross 
10 sectional view of the stent deployment mechanism at 
the distal end of the delivery apparatus with a pair 
of the wire spokes shown in an unflexed position; 

Pig. 9b is an enlarged, schematic cross 
•actional view of the distal end of the delivery 
15 apparatus with a pair of the wire spokes shown in a 
flexed position; 

Pig. 10a is an enlerged side elevational 
view of the stent mounted on the stsnt deployment 
■achanism of the delivery apparatus in an unexpended 
20 configuration; 

Pig. 10b is an enlarged side elevational 
view of the stent mounted on the stsnt deployment 
mechanism of the delivery apparatus with the wire 
spokes in position for expansion of the stent; 



25 



Pig. loc is en enlarged side elevational 
view of the stent mounted on the stent deployment 
mechanism of the delivery apparatus following 
expansion of the stent; 



10 
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Pig* 10d is an enlarged aids elevational 
view of the stent and the stent deployment mechanism 
of the delivery apparatus in position for removal of 
the stent deployment mechanism from the expanded stent 
while leaving the expanded stent within the lumen of 
the body passage; 

Fig. 11 is an enlarged, cross-sectional view 
of a hushing for the stent deployment mechanism for 
guiding movement of the wire spokes in accordance with 
another embodiment of the present invention; 

Fig. 12 is an enlarged, exploded perspective 
view of the frustaconical tip of the stent deployment 
mechanism for receiving the free ends of the wire 
spokes for use with the bushing shown in Fig. 11; 

Fig. 13 is an enlarged, cross-sectional view 
of the frustaconical tip shown in Fig. 12; 

Fig. 14 is an enlarged perspective view of a 
stent in accordance with another preferred embodiment 
of the present invention; 

Fig. 15 is an enlarged side elevational view 
of a stent deployment mechanism having the wire spokes 
removed, located at the distal end of the delivery 
apparatus in accordance with another embodiment of the 
present invention; 

Fig. 16 is an enlarged, exploded perspective 
view of a bushing for the stent deployment mechanism 
shown in Fig. 15; 



11 
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Fig. 17 is an enlarged, exploded perspective 
view of the frustaconical tip of the .tent deployment 
aachanism shown in Fig. 15; 

Fig. 18 is an enlarged side elevational view 
of a swing arm for the stent deployment mechanism 
shown in rig. IS; 

Fig. 19a is an enlarged, schematic 
perspective view of a bushing in an un flexed position 
for a stent deployment mechanism in accordance with 
y .t another embodiment of the present invention; and 

Fig. 19b is an enlarged, schematic 
perspective view of the bushing shown in Fig. 19a but 
in the flexed position. 

nnm n m nnn-rlr^"" °* Preferred , wmnofllnenti 

Referring to Pig. 1. • delivery 
apparatus, generally designate d 8. is depicted for 
deploying a generally tubular, thin-walled stent 10 
within a selected body passage such as a stenosed 
vessel. The stent delivery apparatus 8 serves as a 
catheter for inserting the stent 10 into the selected 
body passage. For this purpose, the tubular stent 10 
i. removably mounted on a stent deployment mechanism, 
generally designate 40, in the form of a wire bundle 
disposed at a distal end of the stent delivery 
25 apparatus 8. 

control of the stent deployment mechanism 40 
is effected by a manually-operable drive unit 48 in 
the form of a rack and pinion microdrive. The drive 



20 
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unit 48 is disposed at a proximate and of tha stant 
dalivary apparatus 8 and is attachad to the stant 
deployment mechanism 40 by a flexible control cable 
49. Manual operation of tha drive unit 48 controls 

5 operation of the stent deployment mechanism 40 so that 
the stent 10 can be safely deployed at a selected 
target location within a body passage whereupon the 
stent deployment mechanism 40 and the control cable 41 
are then withdrawn from the body leaving the stent 10 

0 properly deployed at the target location. 

Referring to Pigs. 2 and 3, the stent 10 is 
in the form of a generally tubular meah-like 
configuration providing a central lumen along its 
longitudinal axis. The generally tubular stent 10 

5 includes a series of tab-like rigid supports 15 which 
are disposed in a generally similar arrangement at 
each end of the tubular stent 10. The rigid support 
tabs 15 of the stent are generally equally spaced 
apart around the circular perimeter at each end of the 

0 stent 10. In addition, the rigid support tabs 15 are 
disposed so that a rigid support tab 15 at one end of 
the stent is substantially opposite a corresponding 
rigid support tab 15 at the other end of the stent 10. 
Spacer bars 17 connect each rigid support tab 15 at 

5 one end of stent 10 to an opposite corresponding rigid 
support tab 15 at the other end of the stent. The 
spacer bars 17 serve as struts to prevent the stent 
from foreshortening along its longitudinal axis. Each 
spacer bar 17 thereby serves to maintain corresponding 

0 pairs of support tabs 15 at opposite ends of the stent 
in position relative to the longitudinal axis of the 
tubular stent. The spacer bars are also sufficiently 
rigid to resist bowing or bending in the transverse 
direction relative to the stent. As shown 

13 
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.ch—tically in Pig. 2, th. support tabs 15 «t each 
.„d of th. .t.nt ar. positional adjacnt to on. 
anothar in a g.nar.Uy annular arrangement around th. 
p«iph.ry of each and of th. stent ao that .ach 
5 Support tab 15 ba. a di—triclly opposing support 
tab 15 at .ach end of th. stant. A sari.s of 
deferable connecting linlcs 16 in th. form of 
plastically-dsfonabl., U-rtupl, vir.-li*. links ar. 
Led to conn.ct adjacnt rigid support: tabs 15 around 
XO th. annular arrang— nt of th. support tabs at «ch 
«nd of sfnt 10, so that th. st.nt 10 can b. 
dia-.trically expand through plastic d.for-ation of 
th. conn.cting link. 16. *• th. stent J« 
diametrically expanded, th. conn.cting linX. 16 b.nd 
» .o that th. sfnt maintain, it. generally tubular 

.hap.. Th. c«tr.l l«~n of th. sfnt widen, but th. 
.pacer bar. 17 inhibit longitudinal movement of th. 
.upport tab. thereby maintaining th. ov.r.11 length of 
the .tent. Th. sfnt 10 -ay be expanded by applying a 
20 radially, outwardly ending fore, from th. exterior 
of th. stent. For this purpose, .xt.mal .xpansion 
couplings, in th. for. of coupling tub.. 18, ar. 
oriented longitudinally r.l.tiv. to th. sfnt and ar. 
attached on th. spacer bar. 17 along th. 
25 th. st«t 10. For opto. th. coupling tub.. 18 can 
b. fabricate fro. 0.5- (12.7 -> length, of 26 gauge 
hypodermic tubing an* attach.d with l.sar w.ld. 19 to 
th. exterior of th. apacr bar. 17 and th. support 
M 15, -Xing nt» that th. lu-n of each coupling 
30 tub. 18 remain, and intact. Alternatively, th. 

•tent 10 may be fabricate by axtruding th. stent 10 

on. piece. Deploym«t of sfnt 10 .ay than be 
affect* using th. delivery apparatus 8. Th. coupling 
tube. 18 pw.it th. stent 10 to be ramovably .ounfd 
on th. stent deployment mechanism 40 of th. stent 
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deli vary apparatus 8. The coupling tubas 18 also 
ssrva the purposa of reinforcing the spacer bars 17 to 
inhibit compression and/or expansion of the stent 
along its longitudinal axis thereby functioning as a 
5 strut and to inhibit bending or collapsing of the 

stent in the transverse direction. In an alternative 
arrangement, the coupling tubes 18 may be used instead 
of the spacer bars 17 with the ends of the coupling 
tubes being attached, by laser welding, to the 

10 corresponding support tabs 15 at opposite ends of the 
stent thereby serving the function of the spacer bars 
17. In yet another alternative arrangement, the stent 
nay be used without the coupling tubes 18 in which 
case the stent can be expanded from the inside at the 

15 target location using a balloon-type catheter delivery 
system. Since the stent is plastically deformed, 
there is very little recoil and the stent resists 
being recompressed. 

In a particular embodiment, the stent 10 is 
20 fabricated from a single piece of continuous tube with 
no welds or solder points. For example, a 316L grade 
seamless stainless steel tube with an outer diameter 
of 0.125" (3.175 mm) , a nominal wall thickness of 
0.006* (0.1524 mm), and an overall length of 0.5" 
25 (12.7 mm) may be used. Six rectangular regions of 

material are removed from each end of the tube so that 
material remains for mix rigid support tabs 15. The 
support tabs are thin, generally arcuate, and conform 
in shape to the stent in the first direction. 
30 Deformable connecting links 16 and spacer bars 17 are 
formed by removing six generally H-shaped regions 11 
from the central portion of the tube thereby forming 
open areas in the tubular stent. Thus, the stent 10 
has a general tubular structure having a thin-walled 
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metallic surface exposed to the blood is kept 
relatively low. 

Construction of the stent 10 is not limited 
to stainless steel. The stent 10 can be made from any 
5 »aterial which is compatible with the human body and 
any bodily fluids that the stent 10 may contact. 
However, the stent 10 must be made from a material 
that allows for expansion of stent 10 and must be able 
to maintain its expanded shape while disposed within 

10 the lumen of the body passage. In addition to 

stainless steel, suitable materials for construction 
of stent 10 may include tantalum and titanium. The 
stent 10 can also be fabricated from a memory metal 
such as nitinol. In addition, the stent 10 does not 

15 have to be fabricated from a single piece of 

continuous tube. For example, the spacer bars 17 
and/or the connecting links 16 can be made separately 
from the rigid support tabs IS and attached using, for 
example, laser welding techniques. Alternatively, the 

20 stent 10 may be fabricated by extruding the stent 10 
as one piece. 

While the stent may be deployed as a "stand 
alone" device, the stent may also be effectively used 
as a vascular endograft by attaching a segment of 

25 vein, preferably an autologous vein or a synthetic 

graft material within the central lumen of the stent. 
Preferably, an autologous vein segment is utilized to 
provide an endothelial layer as a lining for the lumen 
of the stent. As shown in Pigs. 4a - 4c, a vein 

30 segment 25 may be attached to the inner surface of the 
stent 10 by, for example, using tissue adhesive 29. 
As shown in Fig. 4a, the vein segment 25 is attached 
to a piece of tubing 26 with suture 27, which is in 
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turn attached to a .yring. fill- *™ ^tonic 
..lin.. th. fr.. end of the v.in ..g«nt 25 i. th.n 
clo..d with .utur. 2». The vin Wnt 25 i. 
d.fl.t.d u-ing th. .yring. and, a- .hown in Fig. 4b, 

S th. v.in .eg~nt i. than in.ert- into the u».n o 

th. .tent 10. A «all -ount of tiw adhasiv. 29 i. 
applied to .ultipl. point, along th. i»n.r .urf.c. of 
Z .tent 10. A. ahovn in Fig. 4c, th. v.in 
25 i. th.n inflatad .o that th. o«t.r .urf.c. of th. 

xo vin ..g~nt 25 contact, th. inn«r .urf.c. of .t.nt 10 
..P.cia^ -t th. point. where ti..u. adh..iv. 29 ha. 
applied, one. th. ti..u. adh..iv. 29 ha. cured 
v.in ..g».nt 25 i. di.conn.ct.d fro. the tubing 26 
and th. .xc... vin -eg-nt 25 i. tri-ed at ..ch end 

15 of the .tent. 

Th. u.. of ti.w. adh..iv. to ..cur. th. 
vin W .nt to th. .tent M y not always be .uitabl. 
or permitted. Accordingly, a vein -g-nt »ay be 
attached to th. .tent 10 in accordanc. with a 
20 pr.ferred -ethod of u.ing .utur.. 30. A. shown in 
Fig. 5, . length of vein wg^nt 25 about twice a. 
long a. th. length of .fnt 10 i. u.ed. The vein 
..glnt 25 1. inwrtl within th. lu~n of .tent 10 so 
that the .tent i. g««.Uy centered "^f^*^" 
25 .eg~nt25. The end. of th. vin ..g~nt 25 are then 
evZl over the end. of .t«t 10 .o a. to co.pl.tely 
lin. th. inner .urf.c. of .tent 10 and to 
.ub.tantially cover th. outer .urfac. of .tent 10. 
After .lightly cri-ping th. .t.nt 10 onto th. external 
30 .urfac. of th. vin .eg~nt 25, the proxi-al and 

di.tal end. of th. vin ..g~»t 25 ar. ..cur- to th. 

advntiti. with interrupt- 7.0 proline 

between each .pacer b« 17. Accordingly, a .tent-vein 
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complex is provided for deployment at the target 
location by the stent delivery apparatus 10. 

The stent delivery apparatus 8 includes a 
stent deployment mechanism 40, as shown in Figs. 6 and 
5 7, manually operated by drive unit 48, as shown in 
Fig. 8. The drive unit 48 (Edmund Scientific, 
Barrington, HJ, model #J3650) is connected with the 
stent deployment mechanism 40 by control cable 49. 
The stent deployment mechanism 40 includes a series of 

10 six spokes 42 each connected at one end to a bushing 
43. The spokes 42 may be in the form of a symmetric 
bundle of six spring steel wires of diameter .008 
inches (.203 mm) bonded to the outer wall of the 
bushing 43 which is in the form of a 316L grade 

15 stainless steel tube having a length of approximately 
.25 inches (6.35 mm) , an outer diameter of .0732 
inches (1.86 mm) and an inner diameter of .05 inches 
(1.28 mm). The free ends of the spokes removably nest 
within conical tip 45 disposed at the end of a central 

20 guidewire 44 in the form of stainless steel wire 
having a diameter of .04 inches (l mm) . When the 
guidewire 44 is moved to retract the tip 45 toward the 
cable 49, the free ends of the spokes can be 
positioned to nest within the tip 45. When the 

25 guidewire 44 is moved to displace the tip 45 away from 
the cable 49 the free ends of the spokes 42 are 
released as shown in Fig. 6. 

In cable 49, the central guidewire 44 is 
coaxially contained within a flexible guide tube 41 in 
30 the form of a polymer tubing, such as flexible nylon 
tubing having the same inner and outer diameters as 
the bushing 43. The bushing 43 is bonded to one end 
of the guide tube 41 using, for example, epoxy, spot 
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schematically depicted in Pig. 9a, when the tip 45 of 
the guidewire 44 is. positioned in its mid-position the 
free ends of the spokes 43 ere captured within the tip 
45 but the spokes remain relatively extended, or 
5 unflexed, between the tip 45 and the bushing 43. As 
schematically depicted in Fig. 9b, when the 
guidewire 44 is deployed so the tip 45 moves toward 
the bushing 43 at the distal end of flexible tube 41, 
spokes 42 are caused to bend and flex outwardly. 

10 In an alternative embodiment of the stent 

deployment mechanism, the spokes 42 are attached to 
flexible tube 41 1 by bushing 43*, as depicted in Fig. 
11, which eerves as a bushing for the guidewire 44 
The spokee 42 may be made from spring steel wires of 

15 diameter 0.008" (0.203 mm). The bushing 43 1 is a 
brass cylindrical section with a frustaconical end 
having an outer diameter of 0.138* (3.5 mm), an inner 
diameter of 0.042* (1,079 mm), and a length of 0.335* 
(8.5 mm). An inner bore 56 is provided through the 

20 bushing to permit the flexible tube 41 • and the 

guidewire 44* to paes therethrough. The cross section 
of the inner bore 56 of bushing 43 1 is not circular 
but instead includee flattened sidewall sections to 
prevent the bushing 43" from rotating around the 

25 flexible tube 41 1 . The flexible tube 41 • is made from 
ABS plastic tubing with an approximate 3" (76.2 mm) 
length of the distal end of the flexible tube 41 • 
being shaped with flattened sidewall sections to mate 
with inner bore 56. Six small angled bores 50 are 

30 drilled at 30* relative to the longitudinal axis of 

the bushing at the distal end of the bushing 43*. The 
bores 50 are approximately 0.010" (0.254 mm) in 
diameter and widen to approximately 0.020" (0.005 mm) 
at the periphery of the bushing. The bores are 
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approximately 3" (76.2 ma) length of the distal end of 
the guidewire 44* being shaped with flattened exterior 
eidewall sections to mate with inner bore 55. The 
first section 60 of the tip 45* has a length of 
5 approximately 0.236" (6 mm) and the second section 61 
of the tip 45' has a length of 0.010" (2.5 mm). Six 
small radially oriented bore holms 51, approximately 
0.020" (0.508 mm) in diameter, arm drilled at 30* 
angles relative to the longitudinal axis of the 

10 central bore 55. The bore holes 51 are uniformly 

spaced around the proximal end of the first section 60 
to accommodate the free ends of the spokes 42, which 
are loosely held in place. Small exterior 
longitudinal slots 52, 0.020" (0.508 mm) deep and 

15 0.020" (0.508 mm) vide, are milled along the second 
section 61 to act as guide slots for the spokes 42. 
The longitudinal slots 52 confine the movement of the 
spokes 42 to a radial direction in a plane through the 
longitudinal axis of the second section 61 and inhibit 

20 lateral movement of the spokes 42 out of the plane. 
The proximal end of the first section 60 is held by 
friction fit on the end of the guidewire 44' in 
abutment with the distal end of the second section 61, 
so that the slots 52 along the second section 61 

25 register with the bore holes 51 drilled in the first 
•action 60. Alternatively, the first section 60 and 
the second section 61 can be attached using epoxy or 
spot welding techniques. 

Yet another embodiment of the stent 
30 deployment mechanism 40 is depicted in Figs. 15*18. 
The bushing 143 is fabricated from two abutting brass 
sactions, 173 and 174. The first section 173 has a 
larger cylindrical portion at the distal end that 
tapers into a frustaconical section which terminates 
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support tubes 177 and are held in place by epoxy, 
glue, laser welding, or any other suitable means. 

As depicted in Pig. 17, the frustaconical 
tip 145 of the catheter for use in conjunction with 
5 the bushing 143 shown in Pig. 16 is fabricated from a 
first section 160 of brass having a cylindrical 
section terminating in a frustaconical point and an 
abutting second generally cylindrical section 161 of 
brass. The two sections 160 and 161 have outer 

10 diameters of 0.138" (3.5 mm) , and inner diameters of 
0.042" (1.079 mm) and an overall combined length of 
.335" (8.5 mm). An inner bore 155 extends through the 
second section 161 and into the first section 160. 
The inner bore 155 of the tubular sections 160 and 161 

15 is sized and shaped to accommodate the distal end of 
the guidevire 44 and to prevent the tip 145 from 
rotating around the guidevire 44. The second 
section 161 of the tip 145 is identical to the second 
section 174 of the bushing 143. As with the 

20 bushing 143 , a series of swing arms 176 , having spoke 
support tubes 177 attached to ball bearings 178, serve 
as hinges and are disposed with the ball bearings 178 
positioned within the circular groove 182 serving as a 
bearing race and the spoke support tubes 177 aligned 

25 with the longitudinal slots 180. The swing arms 176 
and the longitudinal slots 180 confine the movement of 
the spokes 42 to a radial direction in a plane through 
the longitudinal axis of the second section 174 and 
inhibit lateral movement of the spokes 42 out of the 

30 plane. The proximate end of the first section 160 is 
then abutted against the distal end of the second 
section 161 thereby holding the swing arms 176 in 
place. The first section 160 is secured to the second 
section 161 by glue, epoxy, laser welding, or any 
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in Fig. 14 are somewhat more rounded than the 
connecting links shown in Fig. 1. While the stent 
shorn in Fig. 14 is presently a preferred 
configuration, both stents function in a similar 
5 manner. 

In operation, a method of deploying the 
stent 10 is shown in Figs. lOa-d. Referring to Fig. 
10a, the stent 10 is first installed on the stent 
deployment mechanism 40. The spokes 42 are passed 

10 through the coupling tubes 18 with the guidewire 44 
passing through the luaen of stent 10. If a vein 
segment is attached to the stsnt in the manner shown 
in Fig. 5, the spoXss Bust poke through the portions 
of the vein segaents that cover the openings to the 

15 coupling tubes 18. After the stent is properly 

positioned on the stent deployment mechanism 40, the 
free ends of the spokes 42 are manually nested within 
the tip 45 as shown in Fig. 10b. The outer sheath 46 
is then slid over the stent 10 to cover stent 10. The 

20 tip 45 at the distal end of stent deployment 

mechanism 40 is then inserted into the body and moved 
to the target location within the body passage. The 
outer sheath 46 is then pulled back to expose the 
stent 10 and the stent deployment mechanism 40 at the 

25 target location. The drive unit 48 is then actuated 
to displace tip 45 in e direction toward the bushing 
43 at the end of flexible tube 41 causing the 
spokes 42 to flex radially outward thereby exerting an 
external, radially outward force that expands the 

30 stent 10 as shown in Fig. 10c. Once the stent 10 is 
expanded to the desired diameter , plastic deformation 
of the connecting links causes the stent to remain in 
its expanded configuration providing a radially 
enlarged central lumen. After the stent has been 
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bifurcation) under fluoroscopic guidance. The stent 
was than expanded by inflating the balloon uniformly 
to 10 atmospheres. Upon completion of the procedure, 
an arteriogram was performed. The femoral artery was 
5 ligatad and the incision closed. 

After a six week convalescent period, a 
final arteriogram was performed via a left brachial 
artery approach. The gradient of pressure across the 
stent was then assessed with measurements that were 

10 taken just distal to the stent, within the center of 
the stent and just proximal to the stent. All 
measurements were also compared with a baseline 
pressure value within the aorta near its bifurcation. 
The aorta was then eannulatad for the purpose of 

15 pressure-perfusion fixation of the iliac vessel with a 
2% paraformaldehyde mixture. The stent was 
subsequently harvested within the vessel and submitted 
for embedding in methyl methacrylate for future 
sectioning and histologic analysis. 

20 The results indicate that the stent of the 

present invention is deployable using a balloon 
mounted to a catheter and that the stent was patent at 
the completion of the study. Also, there was no 
indication of migration or deformation of the stent by 

25 arteriographic analysis. Further, there was no gross 
evidenca of exaggerated neointimal hyperplasia in any 
area of the stent lumen or any pressure gradient 
(defined as a change greater than or equal to 15% of 
the systolic blood pressure) . 

30 Example 2 

A vein-lined stent, of the type as shown in 
Fig. 5, was subjected to conditions of high flow and 
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SXflfflPl* 3 

Tha bulk elastic behavior of tha stent of 
tha typa ahovn in Fig. 2 was avaluatad by mount ing tha 
atant within a compliant tuba and aubj acting tha stent 
5 to incraaaing axtarnal pressures. Tha luminal araa of 
tha atant vaa racordad at aach pressure. Pressure was 
than plotted against araa raduction to estimate tha 
stiffness, or inversely, tha compliance of tha stant. 

Tha apparatus for loading tha stant 

10 essentially comprised a compliant vessel with an inner 
diameter of 0.315" (8 mm) , a pressure chamber for 
housing the vassal and the stent, a pressure 
transducer, and a video camera. Tha compliant tubes 
vara custom manufactured using Dow Corning 

15 Sylgard 184. A very thin layer (approximately 0. 016" 
(0.4 mm)) of the material vas appliad in liquid state 
to a polished 0.315" (8 mm) diameter cylinder mandrel 
which was constantly rotating in an oven at 150*C. 
The application of the liquid Sylgard to the mandrel 

20 was carefully controlled to insure that tha thickness 
of the tubes did not vary around tha circumference or 
the length of tha tubes. Tha tubes were removed from 
the mandrel after curing and than mounted in the 
pressure chamber. The stent vas then mounted on a 

25 balloon catheter (0.315" (8 mm) O.D.) and expanded 
within tha lumen of the tuba. The compliant tuba 
section containing the stent was supported from both 
ends by rigid plexiglass fittings. Tha tube lumen was 
open to atmospheric pressure while the pressure 

30 chamber represented the external environment of the 
compliant tuba. This configuration ensured that only 
the stented segment deformed under pressure. Two 
additional ports in tha pressure chamber served as 
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access for the pressure transducer and the syringe for 
Uparting pressure to the system. 

After the pressure chamber wa. filled with 

„ater, a .Vrin,. — — *° "Ty^" 
, mre.sure within the sy.f» «• controlled by the 

5 z m z --^rr^ on 

rthin" , cha-ber wa. increased ~ 
L0 pressure in 500 pascal increments. At each 

Incremental increase in the cha-her pressure a 
^sonal computer diaiti~d the video frame cf 

....urement had decreased by 10 mm'. In order to 
determine stent co.pli.nc, the chance in the stent 
cross-sectional are. was plotted a-ainst the 
incremental pressure increase.. Compliance c was 
20 estimated from the relation: 

O (Aj - A,)/(P» " Pi) 
( , » v i. the incremental area chance and (P, - 

30 incremental 

pre~ure-d.form.tion behavior indicated that ^ 
£i*t of the «.t«rUl had been reached and that the 
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stent was deforcing plastically rather than 
alastically. A linear regression was applied to the 
data points up to 10.0 KPa in order to determine the 
compliance of the stent in the elastic region of 
5 deformation. The slope of the regression fit 

represents the bulk stiffness and the inverse of this 
slope represents the compliance. This analysis 
yielded a stiffness of 5221.65 and a compliance of 
0.0002. The significance of such a low compliance is 
10 that increased rigidity is considered desirable in a 
stent . 

In summary, the above Examples indicate that 
a stent according to the present invention can be 
expanded within the lumen of a body passage and can be 
used to support an endothelial layer. As such, the 
stent should improve vascular patency rates in current 
applications for stents, such as obliterative disease, 
arteriovenous fistulas, intisal injuries, and 
aneurysmal disease. The stent should also reduce 
thrombogenesis and neointimal hyperplasia. The stent 
should also counteract recoil of the vessel wall 
following angioplasty. In addition, the stent may be 
deployed by the stent delivery apparatus that couples 
to the stsnt and exerts an outward force on the 
external surface of the stent thereby leaving the 
luminal environment of the stent undisturbed. 

The delivery apparatus 8 is designed 
specifically for the deployment of the stent 10. 
However, the wire cage or basket of the delivery 
30 apparatus could be easily adapted for transcatheter 
extraction of urinary tract and biliary tract stones 
or for retrieval of intravascular foreign bodies. The 
wire cage of the delivery apparatus actively expands 

33 
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* «*««iv*lv collaps*. Additionally, the 

It .111 M r«Wi««> W thow '» 

S. bred invntlv. conc.pt. of th. inv.ntion. It 
Slid th.r.for. b. «nd.r.tood that this invnt on U 
™Tli»it.d to th. p^icular «bodi»ents d.scrxbed 
I .\n *t i- int^dU to includ. .11 chano.s .nd 

vithin th. -p. .nd spirit of 
th. invntion .. "t forth in th. cl.i«. 
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What is claimed is: 

1. An expandable, generally tubular, 
intraluminal stent comprising: 

a) a plurality of rigid and supports 

5 disposed in a ring at sach and of ths tubular stent; 

b) a plurality of rigid struts for 
connecting the ring of and supports at one end of the 
stent with the ring of end supports at the other end 
of the stent to inhibit relative longitudinal 

10 displacement between end supports at opposite ends of 
ths stent; and 

c) a plurality of deforaable connecting 
linXs linking adjacent end supports in each respective 
ring so that the stent say be radially expanded from a 

15 first smaller diameter to a second larger diameter. 

2. The stent in accordance with claim 1 wherein 
said struts include rigid spacer bars having a first 
end connected with a rigid end support at one end of 
the stent and a second end connected with a rigid end 

20 support at the other end of the stent. 

3. The stent in accordance with claim 1 wherein 
the rigid end supports are disposed in the respective 
ring so that each end support is positioned 
diametrically opposed to another one of the end 

25 supports in the ring. 

4. The stent in accordance with claim 1 wherein 
all of the rigid end supports in a respective ring are 
linked together by said deformable connecting links. 

5. The stent in accordance with claim 1 wherein 
30 all of the rigid end supports in one of the rings are 
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ring toy the rigid .trut.. 

th. .t«t in accordance with clai. 5 wherein 
n of the rigid end .upper*. i» a re.pect ™ ring are 
liLd together toy ..id d.for..tol. connecting UnKs. 

7 The .tent in eccordanc. with clai. 1 

co.pri.ing ext«n.l ~P«.ion coupling, I*. « 

^ io r .urfac. of the .tent - — « ^ * -t^ 
be radially expanded fro. the exterior o* 

Th . .tent in accordance with clai. 7 wherein 

L .tent indud ntral lu~n and a vein segment 

lining the central l«—n of the .tent. 

»• - -rr. ^ztjt^z":: 
r. r.r, ^ «. :^ - - — - - 

stmt. 

of the .tent. 

The .tent in accordance with clai. 10 
!L.in th. coupling tube, are fixed to the *trut.. 

12 The .t*nt in accor«Unc. with clai. 1 wherein 

5 the end .upporf include thin, generally arcuate 
support tabs. 
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13. The stent in accordanca with claim 12 
vharain the arcuata support tabs conform in shape to 
tha atant vhan in tha first diameter. 

14. Tha atant in accordanca with claim 13 
5 vharain aach ring includes six support tabs. 

15. Tha atant in accordanca with claim l vharain 
tha daformabla connecting links link adjacent end 
supports in aach respective ring and the rigid struts 
connect and supports at one end of the stent to 

10 corresponding end supports at tha other end of the 
stent so that open araaa are formed in the tubular 
stent between a pair of adjacent end supports and a 
respective connecting link at one end of the stent and 
a pair of adjacent end supports and a respective 

15 connecting link at tha other end of the stent and 

betveen a pair of adjacent struts connecting the pair 
of end supports at tha one end of tha stent to the 
corresponding pair of end supports at tha other end of 
the stent. 

20 16. The stent in accordance vith claim 1 vharain 

tha daformabla connecting links link adjacent end 
supports in each respective ring and tha rigid struts 
connect end supports at ona and of tha stent to 
correaponding and supports at tha other end of tha 

25 atant ao that open areas are formed in the tubular 

stent betveen the ring of end supports and connecting 
links at ona and of tha atant and tha and supports and 
connecting links at tha other end of the stent and 
between ad j a cant rigid struts connecting the ring of 

30 end supports at tha ona end of the atant vith tha ring 
of and supports at tha other end of the stent. 
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Th. .t«nt in accordanc. with claim 16 

en. «. of a. *«t to th. oth.r «« of th. -t.nt 

vh .n in th. ..end .nlarg.d di».t.r. 
8 l8 Th. -t.nt in accordanc. with claim 16 

8 w L.in th. op.n ar.a. .*t.nd at l...t ov.r half th. 
longitudinal length of th. *fnt. 

Th. .t.«t in accordanc. with claim l wh.r.in 
£ .urfac ar- of th. tubular .t.nt is at l.a.t 70* 
10 op«n. 

,„ Th. .Mnt to .eo.rt.nc. »ith OUU » 

1,.* - —~ — - - — u " " rt m 

open. 

d.liv.ry ox «„larg.d 

— ^=s ==r-===i - 

« «t.rior .urfac. of th. tubular .tructur. for 
.Lbfing th. outward radial fore, to b. ™»« 
.xt.rn.Uy of th. tubular .tructur. via th. «ct.mal 
expansion coupling.. 

Th. »t.nt in accordanc. with claim 21 
l r .in th. .xt«nal ~panaion coupling, includ. 
coupling tub., mounfd to th. «t.rior of th. .t.nt 
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with the coupling tubes extending generally in the 
longitudinal direction of the stent. 

23. An expandable, intraluminal , vascular graft 

comprising: 

5 a) a stent having a generally thin-walled, 

tubular structure with a central lumen, the tubular 
structure having a first smaller diameter to enable 
delivery of the tubular structure into a selected body 
passageway having a lumen and a second enlarged 

10 diameter upon application of an outward radial force 
on the tubular structure for retaining the tubular 
structure in the lumen of the body passageway, and 
external expansion couplings mounted on an exterior 
surface of the tubular structure for enabling the 

15 outward radial force to be applied externally of the 
tubular structure via the external expansion 
couplings; and 

b) an endothelial layer lining the central 
lumen of the stent. 

20 24. The graft in accordance with claim 23 

wherein the endothelial layer includes a vein segment. 

25. The graft in accordance with claim 24 
wherein the vein segment is longer than the stent and 
ends of the vein segment are everted over ends of the 

25 stent. 

26. An expandable intraluminal stent comprising 
a generally thin-walled tubular structure having first 
and second ends and a central lumen, the tubular 
structure having a thin -walled lattice frame with 

30 openings in the frame, the openings extending 

longitudinally at least half the length of the tubular 
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.tructura, th. tubular atructur. being d.foraabla fro. 
. f ir.t aaallar diaaatar into a aacond anlarg.d 
diaaatar. 

27 Tha atant in accordanca with claim 2« 

vhar.in th. lattica fraa. i. conf igur.d .o that at 
TZl *o~ of th. opting. a*tand 9-n.rally fro. tha 
Cirat and to tha aacond «d of th. atant. 

2fl Tha atant in accordanca with claia 27 

vharain th. l.ttic. fr... i- conf igurad ao that .11 of 
th. opening. a*t.nd generally fro. th. f ir.t .nd to 
tha a.cond and of tha atant. 

29 Tha atant in accordanca with clain 26 

wharain tha tubular atructura includaa rigid 
covenant, and deforce co.pon.nt. interconnecting 
th. rigid coaponenta, th. d.formabl. co.pon.nta 
d . forBing to anabl. th. tubular atructura to axpand 
tZ^t irat a«H.r diaaater into th. ..cond largar 
diaaatar. 

30 Th. atant in accordanca with clai. 29 

wherein th. rigid co.pon.nt. includ. a plurality of 
rigid and aupporf diapoaad in a ring at aach and of 
£«ZL .Hat, th. and aupport. in aach ring boing 
,.narally uniforaly .paced apart around aach 
reepeetive ring. 

25 31 Th. atant in accordanca with clai. 30 

whirain th. rigid co^onwf includ. a P*« lit * * 
rigid atrut. for connecting th. ring of .nd .upporta 
.t on. and of th. atant with th. ring of .nd aupport. 
at th. othar and of th. .ta»t to inhibit ral.tiv. 
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longitudinal displacement between the rings of end 
supports at opposite ends of the stent. 

32. The stent in accordance with claim 31 
wherein each strut extends generally from a respective 

5 one of the end supports at one end of the stent to a 
corresponding end support at the other end of the 
stent. 

33. The stent in accordance with claim 30 
wherein the deformable components includs deformable 

10 connecting links linking adjacent end supports in each 
respective ring so that the stent may be radially 
expanded from the first smaller diameter to the second 
enlarged diameter. 

34. An expandable, generally tubular, 
15 intraluminal stent comprising: 

a) a plurality of rigid end supports 
disposed in a ring at each end of the tubular stent, 
the end supports in each ring being generally 
uniformly spaced apart around each respective ring; 

20 b) a plurality of rigid struts for 

connecting the ring of end supports at one end of the 
stent with the ring of end supports at the other end 
of the stent, each strut extending generally from a 
respective one of the end supports at one end of the 

25 stent to a corresponding end support at the other end 
of the stent to inhibit relative longitudinal 
displacement between corresponding end supports at 
opposite ends of the stent; and 

c) a plurality of deformable connecting 

30 links linking adgacent end supports in each respective 
ring so that the stent may be radially expanded from a 
first smaller diameter enabling delivery of the stent 
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into • ..l.ct.d body passageway having a luman into a 
aecond enlarged «i— for positioning the in 
the luMn of the body paeeageway. 

3. Th. stent in accordance with clai» 34 

herein .aid strut, includ. rigid .pacr bars having a 
etHt end connect- with a rigid and .upport at on. 
.„c of th- .t-t and a ..cond end connected with a 
"aid and .upport at th. othar end of the .tant. 

„ Th. .tant in accordanea with claim 34 

wherein th. rigid .nd .upport. ar. di-pose* in tha 
raapactiv. ring ao that aach end .upport is position, 
diametrically oppo..d to another on. of th. and 
supports in tha ring. 

37 Th. .t.nt in accordance with claim 34 

L~in all of th. rigid and support, in a r..p.ctiv. 
TZ ~ lUL togatl- by ..id d.formabl. connecting 



20 



links. 



25 



38. The st«rt in accordance with claim 34 

vhar.in all of th. rigid and support, in on. of th. 
Ting. ar. connect- with correaponding and supports in 
the other ring by the rigid .trut.. 

,o The stent in accordance with claim 34 

comprising external exp«»ion coupling, mounted to an 
I^ior surface of the .tent to enable the .tant to 
orally -pandad fro. the Verier of the stent. 

40 The stent in accordance with claim 39 

Therein th. axpan.ion coupling, include coupling tubes 
.ounted to the exterior of the stent. 
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41. The stent in accordance with claim 39 
wherein the stent includes e central lumen and a vein 
segment lining the central lumen of the stent. 

42. The stent in accordance with claim 41 

5 wherein the vein segment is longer than the stent and 
ends of ths vein segment are everted over ends of the 
stent. 

43. The stent in accordance with claim 39 
wherein the external expansion couplings include 

10 coupling tubes mounted to the exterior of the stsnt 
with the coupling tubes sxtending in a longitudinal 
direction of the stent. 

44. The stent in accordance with claim 34 
wherein the end supports include thin, generally 

15 arcuate support tabs. 

45. The stent in accordance with claim 34 
wherein the deformable connecting links link adjacent 
end supports in each respective ring and the rigid 
struts connect end supports at one end of the stent to 

20 corresponding end supports at the other end of the 
stent so that open areas are formed in the tubular 
stent between the ring of end supports and connecting 
links at one end of the stent and the end supports and 
connecting links at the other end of the stent and 

25 between adjacent rigid struts connecting the end 
supports at the one end of the stent with the end 
supports at the other end of the stent. 

46. The stent in accordance with claim 45 
wherein each of the open areas extends generally from 



43 



Mimosa 19:44:11 page 



PCT/US95/10931 

WO 94/09013 



15 



on. end of the stent to th. other .nd of the st.nt 
wh«n in th. ..cond .nlarg.d diam.t«. 

Th. «t.nt in accord.no. with claim 45 
'herein th. open area. .xt«d .t X.«t over h.lf th. 
5 longitudinal length of th. «t.nt. 

48 An expandable .t«t comprising a generally 

thin-walled, tubular .tructur. having a 
th. tubular .tructur. h.vin, a first smaller diameter 
to enable delivery of th. tubular structure into a 
10 .elected body passageway having a lumen and a second 
enlarged diameter for retaining th. tubular structure 
in th. lumen of the body pas-agavay, the tubular 
.tructur. having rigid. non-d.for.abl. component, and 
d.f ormabl. component, interconnecting the rigid 
compT.nt., th. d.fo«abl. events deforming upon 
radial expansion of th. tubular .tructur. to the 
second enlarged diameter. 

4 o The .tent in accordance with claim 48 

whir-in th. surface of the rigid component. 

S £ su^ac are. of the deferable components. 

50 Th. stent in .ccordane. with clai. 48 
wherein th. d.formebl. component, ar. disposed 

X«.lly only at both end. of th. tubular .tructur.. 

51 a method of deploying a stent within a 
a5 ..iected body P.W «»pri.ing the step, of: 

a) providing a thin-w.ll.d. expandable, 
generally tubular st«t with a c«itr.l lum.n and an 
exfrior surface, the stent having a first smaller 
diameter and a ..cond enlarged diam.fr in expanded 
3 o conf igurat ion ; 

44 



20 



Mimosa 19:44:11 pag 



W 96/09013 



PCT/US95/10931 



b) removably mounting the stent on a 

catheter; 

c) inserting the stent and catheter within 
the selected body passageway; and 

5 d) applying an external outward radial 

force from the exterior surface of the stent to expand 
the stent from the first diameter to the enlarged 
second diameter at a selected location in the body 
passageway. 

10 52. The method in accordance with claim 51 

wherein the step of removably mounting the stent on 
the catheter includes the step of removably coupling 
the catheter to the exterior surface of the stent. 

53. The method in accordance with claim 51 

15 including the step of removing the catheter from the 
expanded stent at the selected location. 

54. The method in accordance with claim 51 
including the step of lining the lumen of the stent 
with a vein segment prior to inserting the stent and 

20 catheter within the selected body passageway. 

55. The method in accordance with claim 54 
wherein the step of lining the lumen of the stent with 
a vein segment includes the steps of: 

a) providing a vein segment having a 
25 length greater than the stent; 

b) inserting the vein segment within the 

lumen of the stent; and 

c) everting ends of the vein segment over 

ends of the stent. 
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56 Th« method in accordance with claim 55 
including .titching th. •v«rt«l .nd. to the .t.nt. 

57 A stent dalivary apparatua for introducing 
and daploying an axp.nd.bl., generally tubular stent 

5 within a aelact.d body passageway including a drive 
unit and a cathater having . stent deployment 
mechaniam connected with the drive unit, the .tent 
deployment mechanism removably coupling with an 
exterior .urf.c. of th. st«t to .pply «n external, 

10 radially outwardly extending force on the stent from 
the exterior of th. .t.nt under control of the drive 
unit to expand th. .t.nt in the s.l.cted body 
pa.aag.way. 

58 Th. .tent delivery apparatua in accordance 
15 with claim 57 wherein th. .tent deployment mechaniam 

eompri... . plurality of .pole, for removably 
attaching to th. .xterior of the atent. 

59 The .t.nt delivery apparatus in accordance 
with claim SS wherein th. .t««t d.ploym.nt mechanism 

20 include, a central guidewir. movable relative to the 
.poke, and a leading tip mounted on an end of the 
central guidewire, the spokes having fr.e ends 
releasably held within th. tip wh«.upon movement of 
the guidewire under control of th. drive unit in a 

25 direction di.pl.cing th. tip .way from th. fr.. .nds 
of the spokes thereby releases the spokes from the 
tip. 

60. The st«»t d.liv«y apparatus in accordance 

with claim 58 wherein the stent deployment mechanism 
30 includes a central guidwir. movabl. relative to the 
apokea and a leading tip mounted on an end of the 



46 



Mimosa 19:44:11 page 



WO 96/09013 



PCI7US95/10931 



guidewire, the spokes having fixed ends and free ends 
releasably held within the tip whereupon movement of 
the guidewire under control of the drive unit in a 
direction displacing the tip in a direction toward the 
5 fixed ends of the spokes causes the spokes to flex 
radially outwardly for exerting a radially outward 
force on the exterior of the stent to cause the stent 
to expand. 

61. The .stent delivery apparatus in accordance 
10 with claim 60 wherein movement of the guidewire under 

the control of the drive unit in a direction 
displacing the tip away from the free ends of the 
spokes thereby releases the spokes to enable 
decoupling of the stent deployment mechanism from the 
15 expanded stent. 

62. The stent delivery apparatus in accordance 
with claim 57 wherein the drive unit comprises a 
manua 1 ly-oper able rack and pinion micro drive. 

63. The stent delivery apparatus in accordance 
20 with claim 62 comprising a flexible control cable and 

wherein the drive unit is attached to the stent 
deployment mechanism with the flexible control cable. 

64. The stent delivery apparatus in accordance 
with claim 57 wherein the stent deployment mechanism 

25 includes: 

a) a plurality of spokes for removably 
coupling to the exterior of the stent! the spokes 
having free ends and fixed ends; 

b) a bushing for holding the fixed ends of 
30 the spokes; 
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c, • central guidewire passing through the 
bu .hing and th. tubular ««t, th. guidewire being 
.ovabll relative to th. apoka. under tha control of 
the drive unit;^ ^ to an and or th. guidawira. 
th. free and. of th. spoke, ratably nesting within 
Z. tip, whereupon movant of tha guidewire under th. 
control of th. driv. unit cau... *J»»™LL 
on. dir.ction to r.l..a. th. fr.. and. of th. spokes 
fro. th. tip and causa, th. tip to «ov. in anothar 
diraction to outwardly flax tha spok... 

„ Tha atant dalivary apparatus in accordance 

viih claim «4 wherein th. tip includ.. pivotabl. awing 
arm. for r.leaaably raceiving the free end. of the 
•pokes, the awing arm. being movable in radial 
faction, and plana, generally parallel to the axis 
of the central guidewire. 

66 The stent delivery apparatus in accordance 

wiih claim «5 wherein each of the swing arm. include. 
. tubular arm for enabling removable insertion of . 
respective free end of one of the spokes. 

« 7 The stent delivery apparatus in accordance 

wiih claim 66 wherein the bushing includes pivotable 
svin, arm. for attachment to th. fixed ends of th. 
spokes, th. wing arm. being movable in radial 
directions and plane, genarally parall.l to the 
of the central guidewire. 

68 a .t.nt delivery system including: 

a) a generally thin-walled, expandable, 
tubular stent with a central lumen having a f irat 
waller diameter to anabl. delivery of the tubular 
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structure into a selected body passageway having a 
lumen and a second enlarged diameter upon application 
of an outward radial force on the stent for retaining 
the tubular structure in the lumen of the body 

5 passageway; and 

b) a stent delivery apparatus for 
introducing and deploying the expandable stent within 
the selected body passage including a drive unit and a 
catheter having a stent deployment mechanism connected 

0 with the drive unit, the stent deployment mechanism 
removably coupling with an exterior surface of the 
stent to apply a radially outwardly extending force on 
- the stent from the exterior of the stent under control 
of the drive unit. 

5 69. The stent delivery system in accordance with 

claim 68 wherein the stent includes external expansion 
couplings mounted on an exterior surface of the 
tubular structure and wherein the stent deployment 
mechanism couples with the external expansion 

o couplings for enabling the outward radial force to be 
applied externally of the tubular structure via the 
external expansion couplings* 

70. The stent delivery system in accordance with 
claim 69 wherein the external expansion couplings 

5 include coupling tubes disposed on the exterior of the 
stent and the stent deployment mechanism includes a 
plurality of spokes for removable insertion within the 
coupling tubes for externally expanding the stent. 

71. The stent in accordance with claim 8 wherein 
0 the vein segment includes a synthetic graft material. 
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Th . .tent in accordance with claim 8 wherein 
th. vein ..^t include, an autologou. vein. 

The graft in accordance with claim 24 
.herein uTv.fn include, an autologou. vein. 

The graft in accord«c. with claim 24 

74 * ! _ nt i nc iud.. a eynthetic graft 

wherein the vein .egment induce. 

aaterial. 

„ ,t.»t in .ee.rd.ne. .!« el»» « 

: n „.in ... v.in «^nt IneX^. • W***" 
material • 

The .tent in accordance with claim 41 

aMM nt include, an autologou. vein, 
wherein the vein .egment incnw- 

The .tent in accordance with claim 34 
, .*«rt* include external expansion 

wherein ..id .trut. £^ connected with a rigid 
coupling, having • Ur.t -d ^ ^ ^ ^ 

«nd .upport at on. ena ox ef 
connects with . rigid end -upport at the oth 

the stent. 

„ Th. .twt in .ee^»e. vita «U1» " 

, .L.* ««r~l 
coupling tubes. 

- first and connected witn a r^*- 

with a rigid end support at the other en 
stent. 
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80. The stmt in accordance with claim 79 
wherein the external expansion couplings include 
coupling tubes. 

81. The delivery apparatus according to claim 64 
5 wherein the tip includes a tubular section of flexible 

material with one end of the tubular section having 
flutes to releasably receive the free ends of the 
spokes. 

82. The delivery apparatus according to claim 64 
10 wherein the bushing includes a tubular section of 

flexible material with one end of the tubular section 
having flutes to receive the fixed ends of the spokes. 

83. The delivery apparatus according to claim 64 
wherein the tip includee angled bores to releasably 

15 hold the free ends of the spokes. 

84. The delivery apparatus according to claim 83 
further comprising a cylindrical section abutting 
against the tip with the central guidewire passing 
through the cylindrical section, the cylindrical 

20 section having external longitudinal slots aligned 
with the angled bores of the tip for receiving and 
controlling movement of the free ends of the spokes 
whereby movement of the free ends of the spokes is 
restrained to a radial direction relative to the 

25 cylindrical section. 

85. The delivery apparatus according to claim 64 
wherein the bushing includes angled bores to hold the 
fixed ends of the spokee. 
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